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Abstract 
 
The purpose of this project has been to investigate the DNA-binding properties of the 
RctB protein from Vibrio cholerae, and to compare the affinity to the 11-mers and 12-
mers boxes in the origin of the secondary chromosome (oriCIIvc region). Earlier 
experiments have shown that 6His-RctB do bind to oriCIIVC, and that the left side inc. 
boxes (11-mers) are involved in negative regulation, probably by long range interaction 
with DNA. The experiments done in this project have been inconclusive because too high 
amount of DNA was needed to detect DNA bands in the gel shift experiments. In spite of 
this gel shift experiments gave indication for non-specific binding of 6His-RctB (pre-
limitary data), which could nourish speculations that RctB binds to quite degenerate 
sequences. 
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1. Introduction: Replication in Vibrio cholerae 
 
Vibrio cholerae is the etiologic agent of the acute diarrhoeal disease cholera. At least for 1000 
years this gram negative bacterium has been endemic to the delta region of the River Ganges 
(Heidelberg et al 2000). Since 1817 cholera has given rise to seven pandemics1 causing 
millions of deaths. Cholera (Bio form: “El Tor”) is now considered to be endemic to: Asia, 
Africa and South America. (Drasar 1996 and Sack 2004). 
 
In Denmark the related bacteria Vibrio vulnificus (Havkolera) in 2006 caused the death of one 
62 year old man, and a 7 year old boy was hospitalised. 
 
 
Two chromosomes 
 
In 1998 Trucksis et al established that V. cholerae have genome distributed between two 
chromosomes. The two chromosomes are of unequal size: Chr.IVC: 2.96 Mb and Chr.IIVC: 
1.07 Mb (other characteristics see table below). Chr.IVC and Chr.IIVC seem to have 
coordinated replication, but different segregation. (Yamaichi et al 2007) 
 
 Chr.Ivc Chr.IIIvc 
Size 3.3 Mb (2.96 Mb) 1.9 Mb (1.07 Mb) 
Essential genes DNA replication, transcription, 
translation, cell wall biosynthesis 
rpmI, rplT, infC, thrS, L22 
(translation initation factor), L35 
(aminoacyl tRNA synthase) 
 
13 toxin-antitoxin (TA) loci 
 
(Higher proportion of 
hypothetical genes) 
Pathology Toxins, surface antigens, 
adhesins 
 
Location in newborn cells Cell pole Cell center 
Table 1.1. Characteristics of the two chromosomes of Vibrio cholerae. (Togomori et al 2002, Egan et al 
2005, Srivastava et al 2006, and Yamaichi et al 2007) 
 
 
Multiple chromosomes are not uncommon, especially in endosymbiont bacteria (Egan et al 
2005). One advantage with multiple chromosomes is faster DNA replication. The replication 
forks each have to copy less DNA in two small chromosomes, than in one big. Heidelberg et 
al have speculated that multiple chromosomes allow replicon-specific gene regulation 
(Heidelberg et al 2000). In some environmental conditions one chromosome could be lost, 
explaining the phenomenon of Viable But Not Colourable (VBNC) cells2. These specialised 
                                                 
1
 The seven pandemics: 1. 1816-1826 (“Asiatic cholera”): China and the Caspian Sea, 2. 1829-1851: Europe, 
Russia, and North America, 3. 1852-1860: Mainly Russia with more than a million dead (Denmark: 9170 death). 
4. 1863-1875: Mostly Europe and Africa. 5. 1886-1896: Europe, 6. 1899-1923: Mainly Russia, and 7. 1961-
1970s (“El Tor”): Indonesia, India, bangladesh, USSR, North Africa, Italy, etc. (Drasar 1996, Schoolnik 2000)      
2
 Multiple lifestyles of Vibrio cholerae: 1. Free swimming (plantonic), 2. A symbiont of phytoplankton, 3. A 
commensal of zooplankton, 4. A viable, but not culturable state, and  5. A biofilm community. (Schoolnik 2000 
andTogomori 2002)  
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cells are supposed to act as “drone cells” supplying nutrient to a starved population. 
(Heidelberg et al 2000).     
 
As the secondary chromosome per definition carry essential genes, and it seems to have some 
specialised mechanism concerning its replication and segregation. The replication 
mechanisms of this secondary chromosome could be a very precise target for the molecular 
biologists in the fight against cholera.   
 
 
Origin of the secondary chromosome in V. cholerae (oriCIIvc ) 
 
 
 
 
Figure 1.1. Comparison of the oriCI and oriCII for the two chromosomes in V.  Cholerae.  Explanation, 
see below. (Anders Loebner-Olesen, private communication) 
 
Not only are the two chromosomes of V. cholera different with respect to size. They also have 
very different origins. OriCIVC is “ori-C like” (origin of E. coli)3, while oriCIIVC is “plasmid 
like” (P1) with sequences resembling iterons (Egan and Waldor 2003 and Venkova-Canova et 
al 2006). The two genes rctA and rctB flanking oriCIIVC are so far known unique to 
replication in the Vibrio family (Egan et al 2006). 
 
The rctA  
 
The rctA gene has no counterpart in other known chromosomal or plasmid origins4. The 
hypothesis that has most experimental support is that it acts as a DNA to inhibit oriCIIVC 
function by binding RctB (see below). Transcribing reduces this inhibitory function 
(Venkova-Canova et al 2006). Another hypothesis is that rctA works in trans as a fuctional 
RNA, e.g. as a primer or with some post transcriptional regulation (Egan and Waldor 2003). If 
                                                                                                                                                        
 
3
 oriCIIVC has sequence 58% identity to E. coli oriC (Egan and Waldor 2003). 
4
 The literature has disagreement about whether the rctA gene is essential. While Egan and Waldor 2003 finds it 
essential, Venkova-Canova 2006 finds it inessential.   
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rctA is in excess it can result in DNA-less and elongated cells, indicating a defect in cell 
cycle. RctA is not conserved in other Vibrio, but the RctB binding sites are (Venkova-Canova 
et al 2006). 
 
The RctB initiator protein 
 
RctB is a 75.19 kDa5 (658 amino acids) initiator protein of V. cholerae chromosome II 
replication. This makes RctB bigger in size compared to most other initiator proteins 
(Chattoraj’s homepage, and see table below). 
 
 
Abbreviation Description   Replicon AA residues MW (Da) Reference 
RctB Replication of 
Chromosome 
Two 
e.g. V. 
cholerae 
Chr.II 
658 75190 (Egan and waldor 
2003)  
DnaA Chromosomal 
replication 
initiator protein 
dnaA 1 
Chlamydophila 
caviae 
450 51100 Q823P0 
RepA Replication 
initiation protein 
P1  351 40861 (Athanasopoulos 
1995) 
RepB Putative DNA 
Initiator 
replication 
protein  
Uncultured 
bacterium 
169 19018 A2A225 
RepE Replication 
initiation protein 
F-factor 
(E.coli) 
251 29359 P03856 
Pi PI protein Plasmid R6K 
(E. coli) 
305 34994 P03067 
GLG1 Glycogen 
synthesis 
initiator protein  
Saccharomyces 
cerevisiae 
480 54333 P36143 
GLG2 Glycogen 
synthesis 
initiator protein 
Saccharomyces 
cerevisiae 
 
380 44546 P47011 
Table 1.2. Comparison of sizes of different initiator proteins: The references are except for RctB and 
RepA are to the UniProtKB/Swiss-Prot entry numbers 
(http://www.rcsb.org/pdb/search/searchSequence.do). 
 
The RctB protein has the capacity to bind to disparate specific DNA sequences, which gives 
RctB multiple functions. Besides being initiator protein it also regulates the transcription of 
rctA and rctB. This way RctB acts as an autorepressor repressing its own transcription. 
(Venkova-Canova et al 2006 and Egan et al 2006). 
 
 
 
 
 
                                                 
5Calculated by: Protein Molecular Weight (http://bioinformatics.org/sms/prot_mw.html). Alternative calculation 
method : 658 aa multiplied by 110 kDa/aa = 72380 Da. 
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The RctB promotor 
 
A strong rctB promoter (PrctB) has been identified 40 bp upstream the rctB start codon (Egan 
et al 2006). Promotor less LacZ reporter plasmids can be transcribed in E. coli by a 209 bp 
fragment containing this promoter. This indicates that RctB can be transcribed independently 
of any Vibrio specific transcribtion factors.     
 
 
Figure 1.2. Position of the RctB promoter (PrctB): PrctB (black block arrow right site), RctA promotor 
(PrctA) (black block arrow left site)  Dna box (black triangles), IHF binding site (gray box), AT-rich region 
(green boxes), Dam methylation sites, GATC sequences (black ovals), 12 mer repeats (blue triangles), 11 
mer repeats (red triangles), rctA and rctB genes (Blue block arrows). Hatch marks reflect 100 bp 
intervals. (Egan et al 2006) 
 
The promoter activity is autoregulated (negative feedback) by RctB, but no correlation was 
found between number of RctB binding sites and PrctB activity, when RctB was overexpressed 
in either E. coli or V. cholerae (Egan et al 2006). But plasmids containing the incompatibility 
region (left side of oriCIIVC/ig2) could not be introduced into V. cholerae (Egan et al 2006 
and Pal et al 2005). 
 
Other regulators of PrctB activity can be seen in the table below: 
 
 
Gene/protein Mechanisme Effect on PrctB activity 
RctB Autoregulation (negative feedback) RctB down 
Dam methylation Incrases RctB affinity for its 
promotor 
RctB down 
ToxT Hypothetical repressor (binds to -
10 and -35)?(Pal et al 2005) 
RctB down (hypothetical) 
DnaA Antagonizes RctB binding for  its 
promoter 
RctB up 
IHF DNA upwinding (?) (Egan et al 
2006) 
RctB up 
Table 1.3. Regulators of Prctb activity. ToxT is a transcribtion factor for many V. cholerae virulence genes. 
The suggested effect has not been proven, but rest on sequence similarity between ToxT binding sites, and 
the Prctb -10 and -35 sequences. ToxT does not exist in all Vibrio strains. (Egan et al 2006 and Pal et al 
2005) 
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Figure 1.3. RctB promotor (RctBp). The sequence contains: – 35 and – 10 boxes (underlined), putative 
Shine-Dalgarno sequence (SD), predicted start codon (Position 1134: atg), 4 heptameric sequences (boxes) 
with homology to the 11- and 12 mers of ig2, and two putative ToxT binding sites (gray arrows). (Pal et al 
2005)  
 
Comparison between regulation of oriC, oriCIIVC and P1 oriR 
 
In the traditional E. coli model for DNA replication oriC is initiated by DnaA that binds to a 
high affinity 9 bp consencus sequence (5'-TTA/TTNCACA)6. DnaA also engage in 
cooperative binding to a 6 bp sequence (5’-AGATCT or a close match)7. This sequence has 
low affinity in its double stranded state, but high affinity in its single stranded form (Messer 
2002, and Skarstad and Loebner-Olesen 2003). Binding of DnaA to the origin region makes 
the double stranded DNA unfolds at the AT-rich LM 13 repeats and AT-clusters. The 
initiation complex recruits DnaB (helicase), and the helicase loader DnaC. The formation of 
the initiation complex is assisted by the structural proteins IHF and FIS.   
 
To prevent too early re-initiation oriC and the DnaA promoter are sequestered for 1/3 of a 
generation time by SeqA. This mechanisme works because SeqA only sequester newly 
formed hemi-methylated DNA (Messer 2002, Egan and Waldor 2003, Venkova-Canova et al 
2006). 
 
 
 
 
 
 
                                                 
6
 In fast growing E. coli 8 initiations of chromosomal oriC can happen simultaneously. In addition to 
chromosomal oriC E. coli can contain up to 200 extrachromosomal oriC copies (Skarskad and Loebner-Oleson 
2003).    
7
 The GATC sequence is also binding site for Dam adenine methylation, and possible RctB binding site (see 
below). 
 9 
Regulatory mechanismes for oriC replication 
 
• Sequestration of hemimethylated oriC and dnaA promoter 
• Binding of DnaA protein to a region close to oriC (data locus), and further titration by 
approximately 300 DnaA binding sites throughout the E.coli chromosome. 
• Regulatory inactivation of DnaA-ATP. DnaA-ATP the DNA binding form is 
hydrolysed by Hda and DnaN. (Pal et al 2005) 
  
 
 
 
Figure 1.4. The origin of E. coli (oriC): oriC (gray box) is located between the gidA and mioC genes. 
Figure is not to scale (Dasgupta and Løbner-Olesen 2004). 
 
 
Comparison between the structure of E. coli oriC and the structure of the two V. cholera 
chromosomes results in many similarities between oriC and oriCIVC, but oriCIIVC seems 
different (see table below).
 
 
 
 E.coli oriC oriCIvc oriCIIvc 
Size 258 bp 447 bp 406 bp* 
Initiator protein (IP) DnaA (DnaA) (DnaA),(RctB) 
IP Binding site 5 DnaA boxes (9 bp) 5 Dna boxes 1 DnaA box, 4 Inc. boxes  
(11-mers), and 7 B-boxes 
(12-mers) 
IP Titration sites in 
genome 
 300 (308) DnaA 
binding sites 
 36 RctB binding sites  23 RctB binding sites 
IHF binding site 1 (1) (1) 
AT-rich repeats Yes Yes Yes 
Dam methylation sites 
(CATC) 
11 14 
 
18 
Table 1.4. Comparison between origin of E. coli (oriC) and the origins of V. cholerae’s two chromosomes 
(oriCIvc and oriCIIvc ). (Egan et al 2006, Egan and Waldor 2003, Venkova-Canova et al 2006). 
 
E. coli oriC and oriCIVC both have DnaA as an initiator protein, and have 5 DnaA boxes. 
They both contain an IHF binding site and contain AT-rich repeats. oriCIIVC deviates by 
having another initiator protein (RctB) in addition to DnaA, and the corresponding binding 
sites: the 11- and 12 mers. To mention some differences DNA adenine methyl transferase 
(Dam) is not necessary for replication of oriC, but regulated the timing (Egan and Waldor 
2003). Dam required for chr.IIVC replication (Egan and Waldor 2003) 
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It has already been mentioned that oriCIIVC is more plasmid like, which makes a comparison 
to origins from plasmids interesting. Here oriR from the low copy number E. coli plasmid P1 
will be used as an example (see figures below)8. 
 
 
 
Figure 1.5. The P1 plasmid replicon consist of three elements: ori (387–611), initiator gene repA (664–
1521) and the control locus, incA (1524–1808) (Park et al 2001). 
 
 
 
Figure 1.6. More detailes about P1 oriR: The 5 repA binding iterons in the ori region consist of 19 bp 
repeats. Beside that P1 oriR contains 5 DnaA binding sites and 5 heptamers boxes with methylation sites 
for seqA. (Messer 2002 and Brendler et al 1995). 
 
The plasmid origin (oriR) contains 19 bp repeats (iterons), which are binding sites for another 
special initiator protein (RepA). Beside this oriR contains an incompability region (incA), that 
limits the copy number of P1 in the cell. No sequence that corresponds to rctA from oriCIIVC 
can be seen. 
 
 
Regulatory mechanisms for plasmid origins  
 
In plasmids several mechanisms can be used to regulate replication.  
 
• A repeat sequence essential for replication (Iterons)9.  
• A dependence on a replicon-specific protein (REP) 
• Covalent modification of initiator proteins (e.g. pT181) 
• Functional RNA (Antisense RNA control) 
• Initiator protein dimerization (“Handcuffing”) (see below) 
 
(Chattoraj 2000, Pal et al 2005 and Venkova-Canova et al 2006) 
 
The individual plasmid families only use a subset of these mechanisms for origin regulation, 
and all of them have never been found in a single replicon (Egan and Waldor 2003). The main 
                                                 
8
 Low copy number plasmids, e.g.: P1, F and RK2 have a second set of iterons outside the origin. (Chattoraj 
2000)  
9
 Plasmid replicons normally contains 50% iterons in the origin sequence. (Chattoraj 2000) 
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difference between oriC and plasmid replication is that plasmids do not require ATP for the 
origin to melt. Plasmids use Rep proteins instead (Chattoraj 2000). 
 
 
Regulatory mechanismes for oriCIIVC replication (Egan and Waldor 2003)  
 
Egan and Waldor mention four similarities between the origin regulation in plasmids and 
oriCIIVC (Egan and Waldor 2003): 
 
• A repeat sequence essential for replication (Inc-boxes and R-boxes).  
• A dependence on a replicon-specific protein (RctB) 
• A requirement for a RNA (rctA) 
• An incompability determinant (Inc region) that acts as a negative regulator.  
 
Egan and Waldor discuss the comparison between oriCIIVC Inc-boxes; (11-mers) and B-boxes 
(12-mers), and plasmid iterons. Important differences exist: A single 12 mer sequence was not 
bound by RctB, and even six 12 mer sequences in V. cholerae could not facilitate 
incompability (“Handcuffing”)10. Also RctB has no sequence similarity with any known Rep 
proteins, and these are normally quite conserved.  Also oriCIIVC have a higher initiation 
potential and more elaborate negative control than plasmid P1 and F. (Pal et al 2005).     
 
 
 
 
                                                 
10
 Pal et al also mention that oriCIIVC has no true incompability determinant (Pal et al 2005). 
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2. Theory: DNA-binding properties of RctB 
 
The precise mechanism by which RctB is involved in initiation is unknown. Other initiator 
proteins have been shown to bind directly to certain DNA sequences. DnaA-ATP from E. coli 
binds to DnaA-boxes initiating opening the DNA double helix. Rep protein from different 
plasmids has been shown to bind to 20 bp repeat called iterons (Chattoraj 2000 and Venkova-
Canova et al 2006). Rep proteins from P1 exist both as monomers and dimers. They are 
purified as dimers, but only monomers binds to DNA. Transformation from non-binding 
dimers to binding monomers is assisted by chaperones e.g.: DnaJ, DnaK and GrpE.11 
(Chattoraj 2000).   
 
 
oriCII-min
1168 bp
rctA
yellow-box
R1
L RB1
B2
B3
B4
B5
B6
B7inc-1
inc-2
inc-3
inc-4 rctB
Bgl II (327)
Hind III (730)
Cla I (342)
Cla I (823)
 
Figure 1.7. The oriCII-min region of V. Cholerae. Drawing is made by the program Vector NTI DELUXE 
4.0. 
 
 
Sequence name Sequence 
Inc 1-4 (11-mers) ATGATCAAGAG 
B1, B4, B5 and B7 (12-mers) ATGATCATGCTT 
B2 (12-mer) TTGATCATGCTT 
B3 (12-mer) TTGATCATTGAT 
B6 (12-mer) TTGATCATGGTT 
R1 TGTGGATAA 
Yellow box GCGGAAGCATGTAA 
L13 GATCAGTTATTTA 
R13 GATCTCTTTTTCT 
Table 1.5. Sequences from oriCII min region of V. cholerae (see figure above) (Anders Loebner- Olesen, 
private communication). 
 
If RctB protein is directly compared to the Rep proteins of P1, then the 11-mers sequences 
(Inc 1-4) can together with the rctA gene be titrating RctB, and acts as inhibitory control of 
replication. These are supposed to be strong RctB binding sites. The 12-mers B-boxes are 
                                                 
11
 Rep proteins from the following plasmids seem not to demand chaperones: R6K, pSC101 and pPS10. 
(Chattoraj 2000) 
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expected to weaker RctB binding sites, and only when some of these are occupied by RctB 
initiation takes place (Anders Løbner-Olesen, personal communication). RctB binding to the 
left at right side of oriCIIVC have been proven by gel shift experiments, but details are still 
missing (Egan and Waldor 2003)12. 
 
 
Binding of RctB to rctA 
 
Bioinformatics have revealed 3 putative binding sites in the rctA gene. These binding sites 
have some similarity with the Inc boxes (11 mers) and B-boxes (12 mers) in the oriCIIVC 
(ig2) (see figure below). (Venkova-Canova et al 2006). 
 
 
 
Figure 1.8. The rctA 44 codon open reading frame (112-246) with suspected RctB binding sequences: I, II, 
and III. (Venkova-Canova et al 2006). 
 
 
Binding of RctB to Prctb 
 
Putative binding sites for RctB autoregulation (negative feedback) of its promoter (Prctb) have 
also been identified by bioinformatics. Heptameric box number 4 has 6 bases in common with 
the Inc-boxes (11-mers).   
 
 
Heptameric box Sequence 
1 ACAGATC 
2 TTAGATC 
3 AAGATCA 
4 ATGATCT 
11-mers  sequence (Inc-boxes) ATGATCAAGAG 
12-mers concensus sequence (B-boxes) (A/T)GATCATNN(A/T)T 
Table 1.6. Heptameric boxes from the RctB promoter with putative weak RctB binding sites. The 
consensus sequence is GATC, which is the dam methylation site. (Pal et al 2005) 
 
 
Distances between RctB binding sites 
 
The 12 mer B-boxes are 11 bp apart coresponding to 1 turn in the DNA double helix, which 
means they will be at the same face of the DNA. (Egan and Waldor 2003 and Anders Løbner-
Olesen, personal communication). 
                                                 
12
 Results from these gel shift experiments performed by Egan and Waldor can be seen in the Materials and 
Methods chapter of this report, where they are used as an example to explain the gel shift method.   
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“Handcuffing”  
 
An alternative model for origin inactivation by RctB is “handcuffing” (see figure below). 
Molecules of RctB protein at first binds to the origin (Inc-boxes), and then two or more RctB 
molecules binds to each others making the origin inaccessible to DNA polymerase.  To 
participate in handcuffing the RctB protein must have both a DNA-binding site and a protein 
binding site. (Chattoraj 2000). 
 
 
 
Figure 1.9. Model of “handcuffing” by Rep proteins in P1.  (Chattoraj 2000) 
 
 
 
The overall picture of RctB binding to DNA is quite intrigue. The putative binding sites: 12, 
11, and 7 mers are much smaller than the 20 mers binding sites for the Rep protein. In size 
these sequences corresponds better to the 9 bp binding sites for DnaA protein. The small size 
and the degeneracy of the sequences indicate that RctB binding to DNA is not very specific. 
But many factors are unknown. Maybe RctB binds to some of the sequences only when the 
DNA is in its single stranded state. Possible RctB could also bind as dimmers or polymers, or 
engage in cooperative binding with other proteins?  
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3. Materials and methods 
 
Bacterial strains 
 
Escherichia coli: ALO3063 (RctB production); Vibrio cholerae, El Tor: ALO2495 bah2: 
(CTX- attB- SmR. (Person 1993)) (Template for OriCIIVC ); E. coli: MG1655 (Template 
for LacZ/controls) (Guyer et al 1981). 
 
RctB expression 
 
E. coli (ALO3063) with an arabinose inducible vector pBAD TOPO®  from Invitogen
 
(Guzman et al 1995) for RctB expression was taken from the freezer (-80ºC) and plated on 
LB medium containing 100µg/ml amplicin. The plate was incubated at 37ºC over night (ON). 
One colony was inoculated into 10 ml of LB medium containing amplicin and incubated ON. 
 
250 ml LB medium with amplicin was inoculated with 2 ml ON culture.When O.D. reached 
0.5-0.7 the culture was induced by adding 0.2% arabinose and grown for 4 hours at 30ºC.1314 
During this period samples were taken each hour and before induction for later SDS-analysis. 
The cells were harvested by centrifugation at 7000 r.p.m. rpm 5 min (4C). Pellets containing 
the RctB protein was frozen at- 20C.  
 
 
RctB purification (Native conditions) 
 
The frozen cell pellets containing RctB protein was resuspended in 10 ml lysis buffer (Keep 
on ice). To disrupt cells the lysate was sonicated 6 X 6 sec. with 10 sec. pauses at 40 W. To 
remove cell debris the lysate was centrifugated at 10000 g. for 25 min at 4C (Crude extract). 
 
Ni-NTA agarose column (equilibration): 1 ml Ni-NTA agarose (QIAGEN GmbH)15 was 
centrifuged at 1000 rpm. 4-5 min. The supernatant was removed, and the agarose was washed 
3 times in lysis buffer. 
 
Crude extract containing RctB protein and the equilibrated Ni-NTA agarose was mixed, and 
kept 1 hour for binding under rotation at 4C. The mixture was applied to the column. After 
passing of the flow through the column was washed 4 times with 0.5 ml wash buffer. The 
protein was eluted in 4 times 0.5 ml elution buffer. 25 µl samples were taken from each 
fraction for SDS-analysis, and all fractions were saved. 
 
Lysis buffer: 50 mM NaH2PO4, 300 mM NaCl, 10 mM imidazole16.  
                                                 
13
 Experiments were also done with 0.02% and 0.002% arabinose, and growth at 37°C, but only growth at 30°C 
gave at positive result at the SDS analysis. This can be for technical problems or because of “inclusion bodies”. 
Purification of RctB from induction with other arabinose concentrations was never done because of time 
limitations. 
 
14
 Ni-NTA agarose contains 50% agarose and 50% ethanol. 
 16 
Wash buffer: 50 mM NaH2PO4, 300 mM NaCl 20 mM imidazole. 
Elution buffer: 50 mM NaH2PO4, 300 mM NaCl, 250 mM imidazole. 
 
Lysis, wash and elution buffer was adjusted to pH 8.0 using NaOH. 
 
 
Dialysis 
 
To remove salts and imidazole that could interfere with the binding reaction in the gel shift 
experiments the RctB protein was diialysis was performed using a Slide-A-Lyzer 3.5 K 
Dialysis cassette from PIERCE.  
 
Dialysis buffer A: 10 mM tris (7.5), 400 mM NaCl, 1mM EDTA, and 1mM DTT. (Chattoraj, 
private communication) 
 
After dialysis 10% glycerol was added, and the protein stored at – 20C. 
 
 
SDS-gel analysis 
 
To control protein purification SDS-gel (BioRad) analysis was performed. 25 µl samples and 
25 µl SDS-PAGE sample buffer was mixed17, and boiled at 95C for 5 min. Samples were 
loaded and run in the SDS-gel at 100V for approximately 90 min. 
 
The SDS-gel has two parts: 
 
Separation gel (10%):  2.41 ml H2O, 1.25 ml 1.5 M Tris-HCl, pH 8.8, 50 µl 10% Sodium 
dodecyl sulfate (SDS), 1.25 ml acrylamide/Bis (40%), 40 µl ammonium persulfate (APS) 
(10%), 4 µl N,N,N',N'-Di-(dimethylamino)ethane (TEMED). 
 
Stacking gel (5%): 2.39 ml H2O, 1.25 ml 1.5 M Tris-HCl, pH 8.8, 50 µl 10% SDS, 1.25 ml 
acrylamide/Bis (40%), 50 µl ammonium persulfate (APS) (10%),  5µl TEMED. 
 
 
Protein measurement 
 
The RctB concentration was measured by two methods: 1. Bradford analysis, and 2. The 
Lowry method. 
 
1. Bradford analysis: 100 l sample is mixed with 900 l Bradford reagent (containing the 
dye Coomassie Brilliant Blue), and OD595 is measured 5-30 min. after addition of Bradford 
reagent. Bradford analysis has a minimal interference with a number of agents frequently used 
for protein handling: Tris, DTT18 and glycerol. (Rasmussen et al 2006) 
 
                                                                                                                                                        
16
 Competes with the 6-his tagged RctB for binding on the Ni-NTA agarose coloumn. 
17
 Pellets were resuspended in 50 µl SDS-PAGE sample buffer. 
18
 Coomassie blue has strong interference with Triton concentrations above 0.1%. 
 17 
2. Lowry reaction: 20 µl sample, 1000 ml A+B reagents (9 parts A + 1 part B), wait 7 min., 
add folin reagents (1 part folin + 1 part H20), wait 30 min. OD was measured at 772 nm, and 
the concentration estimated from a standard curve made from tyrosine. Samples were diluted 
in 0.9% NaCl and tyrosine in 0.1 M HCl. The Lowry method is sensitive to interference from 
a lot of chemicals: barbital, CAPS, cesium chloride, citrate, cysteine, diethanolamine, 
dithiothreitol, EDTA, EGTA, HEPES, mercaptoethanol, Nonidet P-40, phenol, polyvinyl 
pyrrolidone, sodium deoxycholate, sodium salicylate, thimerosol, Tricine, TRIS and Triton X-
100 (http://www.animal.ufl.edu/hansen/protocols/LOWRY.htm). 
 
 
Polymerase Chain Reaction (PCR) 
 
Colony PCR was used to produce DNA fragments from the oriCIIVC region (Ig2) in V. 
cholerae (Template: ALO2495) (see figure below). Control fragments of similar size to inc1a 
(IA) and ori1 (O1) was produced from the E. coli lacZ gene (Template: ALO1825). 
 
 
 
 
Figure 3.1. The DNA fragment produced for later use in DNA-binding experiments (gel shift): IA-I6 from 
the inc region of oriCIIVC, and O1-O6 from the origin region. 
 
The primer sequences for the production of these fragments can be seen below. For later 
detection in the gel shift experiments the forward primer of the I-fragments, control fragments 
and the reverse primer from the O-fragments were fluorescent marked (5’ Fluorescein (FAM) 
from MWG GmbH).  
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Fragment: Negative control 
region 
Forward Reverse 
IA (563 bp)19 GACATCAAGATAGGTCGTTG 
IB (303 bp) 
AGTTACGGTGAATGCCATTC 
 GCCTTACTCTGCCTGACATCG 
IC (235 bp) CGTCTATCCTAACAAGTCTC GACATCAAGATAGGTCGTTG2 
I2 (421 bp) GCGCTGGCCAAGGTGACGG 
I3 (303 bp) GCCTTACTCTGCCTGACATCG3   
I4 (258 bp) CATGCTTCCGCGACGATTTAC 
I5 (192 bp) TTGCCTCGACTCATAGCCATG 
I6 (131 bp) 
AGTTACGGTGAATGCCATTC1 
CGGAAGAATGATCAAGCTGC 
Table 3.1. Primer sequences; DNA fragments for the left side of oriCIIVC region or ig2.  I: shortening for 
inc. = incompability region.  1. This primer is identical with IA Forward. 2. This primer is with IA 
Reverse. , 3. This primer is identical to IB Reverse. The IB and I3 fragments are identical. Primers in 
green are with flurescense. 
 
 
Fragments: Origin region Forward Reverse 
ori1 (205 bp) TGAGCACCTTGATCATGC 
ori2 (181 bp) GCTTACGTTGATCATTGATTC 
ori3 (161 bp) CTGTTGACTGATGATCATGC 
ori4 (138 bp) GAGGAACAAATGATCATGC 
ori5 (116 bp) CGATCTTGTATTGATCATGG 
ori6 (94 bp) CCATCGATACATGATCATGC 
TGATCTAATGATCTGTGACG 
Table. 3.2. Primer sequences: DNA fragments for the right side of the oriCIIVC region or ig2. O: 
shortening for origin region. Primer in green is with fluorescence. 
 
 
Fragment: control Forward Reverse 
cneg1 (211 bp) GACCTGCGTTTCACCCTGCC 
cori1 (563 bp) 
GAGGCCGATACTGTCGTCG 
AACGCCGAGTTAACGCCATC 
Table 3.3. Control primer sequences: LacZ gene. Primer in green is with fluorescence. 
 
 
Materials (one reaction: 25 µl): 2.5 µl Taq buffer + (NH4)2SO4 – MgCl, 0.4 µl 10 mmol 
dNTP: 2 µl 10pmol/ml primer Forward, 2 µl 10pmol/ml primer Reverse, 2.5 µl 25 mM 
MgCl2, 0.125µl Taq polymerase, 1 µl template, 14.475 µl H20. To avoid bleaching 
fluorescence materials were wrapped in alufoil during handling. (Fragment IC was never 
produced because the fluorescent forward primer was never purchased.) 
 
 
Process Temperature (C) Time  Number of cycles 
Activate enzyme 94 5 min. No 
Denaturation 94 30 sec. 
Annealing 50 1 min. 
30 
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 Molecular weight of DNA fragments can be calculated by multiplying the number of bp by 649 Da/bp. E.g. 
(Fragment IA): 552 bp x 649 Da/bp = 358248 Da.  
 19 
Elongation 72 1 min. 
Storage 4  No 
Table 3.4. Programme used for the PCR reaction.    
 
 
Purification: PCR products were purified by using High Pure PCR Product Purification Kit 
(Roche). The fragments from the oriCIIVC region were prepared directly from the PCR 
product, whereas the control fragments from LacZ had to be purified from gel. 
 
Agarose gels (1%): To confirm that the PCR products have the right sizes samples were run in 
an agarose gel. Agarose gel (1%): 100 ml of 1X TBE, 1 g agarose, and 10 µl ethidium 
bromide (EB).  
 
Electrophoretic Mobility Shift Assay (EMSA) 
 
EMSA is a molecular Biology technique and is used to study the Protein-DNA interactions. 
This technique was introduced by Fried and Crothers (Fried and Crothers 1981) and is also 
known as band shift assay or gel retardation assay (protein retard the movement of DNA upon 
binding). 
 
The principle involved electrophoretic separation of a Protein-DNA mixture on a 
polyacrylamide gel. The method involves combining and incubating a protein or mixture of 
proteins to a radioactive labelled or fluorescent labelled DNA that contains a putative protein 
binding site. After incubation of a protein-DNA mixture a sample is subjected on a non-
denaturing polyacrylamide gel (Lane et al 1992). Free DNA molecules move more quickly 
than the Protein-DNA complexes. Therefore, protein-DNA complexes can be identified from 
free DNA molecules by locating the positions of free DNA and protein-DNA complexes on 
gel. Thus gel shift analysis resolves the ability of a protein(s) to bind a particular sequence of 
DNA (see gel pictures below). 
 
 
 
Figure 3.2. RctB binding (6His-tagged) to DNA fragments visualised by autoradiographs of gel shift 
experiments. Probes: i. Left side of oriCIIVC (Inc boxes: 11 mers), ii. Right side of oriCIIVC  (B-boxes: 12 
mers), iii. Promoter region of oriCIIVC (IHF binding site to RctB gene), and iv. The whole oriCIVC region 
from the primary chromosome of V. cholera (control). RctB binding can be detected as retarded bands in 
the lanes with oriCIIVC DNA (i-iii), but not in the lane with oriCIVC DNA (iv).  RctB concentrations used: 0 
ng, 56, ng, 113 ng, 225 ng, 450 ng, and 900 ng. DNA concentration (32P): 1000 c.p.m. (Egan and Waldor 
2003) 
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Figure 3.3.  RctB binding to the rctA gene of V. cholerae (left side) compared to non-specific DNA (right 
side). RctB binding can be seen as retarded bands in the lanes with DNA from the rctA gene. Chaperones 
were used in the reaction mixture: DnaJ: 200 ng; DnaK: 400 ng. RctB concentrations used: 0, 1, 2, 4, 8, 16, 
32, 128, 1024 nM. DNA concentrations used: 2 nM.  
(Venkova-Canova et al 2006) 
 
 
Procedure: Sample DNA: 1.5-5 l (see results), EMSA reaction buffer (see below), purified 
RctB-6His (0 µl, 2 µl, 4 µl, 8 µl, 15 µl), and H2O up to a final volume of 20 µl were mixed 
and incubated in 30 minutes at room temperature. After incubation 4 µl of loading buffer (see 
below) were added. The samples were run on a 6% DNA retardation gels (see below). To 
follow the movements on the gel 0.03% bromophenolblue (BPB) was used as a marker. The 
gels were run approximately 30 min at 160V. A Storm 840 PhosphoImager was used to 
analyse the gels. 
 
 
EMSA reaction buffer: 25 mM Tris-HCl (pH 7.9), 110 mM NaCl, 5.12 mM 
Diaminoethanetetraacetic acid (EDTA), 2mM dithiothreitol (DTT), 0.1 mg/ml BSA, 12.5 
µg/ml salmon sperm DNA. 
 
Loading buffer (6X): 150 mM Tris-HCl, 660 mM NaCl, 30.72 mM µl EDTA, 12 mM DTT, 
and 1.37 Glycerol. 
 
6% retardation gel (one gel): 7,879 ml H2O, 1.5 ml acrylamide, 110 µl 10% ammonium 
persulfate (APS), 11  µl N,N,N',N'-Di-(dimethylamino)ethane (TEMED), and 0.5 ml 10 X 
Tris/Borat/EDTA (TBE). In preparation gels were pre-run for 20 min. 
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4. Results 
 
RctB expression  
 
 
Cell growth (OD600 measurement) 
 
To follow bacterial growth during the expression experiments OD600 was measured. The main 
induction experiment used for protein purification was performed at 30°C with induction by 
0.2% arabinose. 
 
 
Figure 4.1. A. Growth of E. coli (ALO 3036) measured by OD600 during RctB expression experiments. 
Comparison can be seen between growth at 30 and 37°C. In both cases the bacteria were grown in LB 
media containing100µg/ml amplicin. Induction with 0,2% arabinose was performed at OD600 at 0.5. 
Harvest of RctB protein was performed 4 hours later. B. Induction with different concentrations of 
arabinose: 0,2%, 0.02%, and 0,002%. 
  
The growth curves seem normal with no indication that growth is inhibited by induction with 
0.2% arabinose at OD600 at 0.5 (figure 4.1. A), ideally cells should still be in log phase when 
the RctB protein was harvested 4 hours later.  
 
 
SDS analysis 
 
Time samples were taken each hour to follow RctB expression over time. The expectation 
was to observe an increasing band below the 72 kDa band in the marker, corresponding to 
induction of the 75.19 kDa RctB protein. The SDS gel with time samples shows several bands 
and also bands just below the 72 kDA marker, but no increase in intensity is obvious (see gel 
picture below). The reason can be that no induction has taken place, or that the induction of 
RctB is masked by other proteins in equal size. This means that the RctB protein has to be 
purified to be visible on the SDS gels. 
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Figure 4.2. RctB induction at 30C analysed on SDS gel (27.03.07). The following time samples were taken: 
Marker 1 (M1), Non-Induced (NI), 1 Hour (1H), 2H, 3H, 3.5H, 4H, 5H, and M2. No clear induction 
around the 70kDa mark can be seen. Amounts loaded: 7.5 µl samples + 7.5 µl buffer, M1: 5 µl, and M2: 10 
µl. The marker used was a PageRumerTM. Prestained Protein Ladder (#SM0671) from Fermentas with the 
following bands: 170, 130, 95, 72 (strong intensity), 55, 43, 34, 26, 17, and 11 kDA. 
 
 
 
RctB purification 
 
The results from the protein purification was also visualised by SDS gels. From each step in 
purification samples were taken for SDS analysis. RctB expression becomes obvious as a 
clear band below the 72 kDa band from the marker (see gel pictures below). Unfortunately a 
double band is visible in the 72 kDa region, and also some smear. This means that the purified 
sample not only contains the wanted RctB protein, but also some impurities. These impurities 
probably consist of C-end fragments of RctB, and maybe some natural occurring E. coli 
proteins that can adhere to the Ni-NTA agarose column (Proteins with surface histidins 
containing a imidazole ring). Two separate expression experiments gave a band 
corresponding to the size of RctB protein after Ni-NTA column purification. Unfortunately 
the suspected RctB protein from the first successful expression was lost in dialysis. 
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Figure 4.3. RctB purification from growth at 30C in 4 hours (27.03.07): Marker (M), Non Induced (NI), 4 
hours (4H), Pellet (P), Flow through (F.T), Wash (W1), W2, W3, Elution (E1), E2, and E3. Results 
indicate problems with the loading order. It seems like F.T. has been loaded two times. Amounts loaded: 
7.5 µl samples + 7.5 µl buffer, and M: 5 µl. The marker used was a PageRumerTM. Prestained Protein 
Ladder (#SM0671) from Fermentas with the following bands: 170, 130, 95, 72 (strong intensity), 55, 43, 
34, 26, 17, and 11 kDA. 
 
 
 
 
Figure 4.4. SDS gel with RctB purification after dialysis from growth at 30C in 4 hours (24.05.07): 
Marker (M), Non-Induced (NI), 4 hours (4H), Pellet (P), Flow through (F.T), Wash (W1), W2, Elution 
(E1), E2, and E3, and dialysed RctB (RctB). Amounts loaded: 7.5 µl samples + 7.5 µl buffer, and M: 5 µl. 
The marker used was a PageRumerTM. Prestained Protein Ladder (#SM0671) from Fermentas with the 
following bands: 170, 130, 95, 72 (strong intensity), 55, 43, 34, 26, 17, and 11 kDA. 
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Marker concentration on these gels has been too high. If a smaller amount had been used, e.g. 
2 l the bands from the marker could have been used to give a rough estimate of protein 
concentration. 
 
 
Protein measurement (Bradford/Lowry) 
 
 
Protein measurement: Lowry 
method (24.05.07)
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Figure 4.5. Protein measurement: Lowry method (24.05.07): Tyrosine was used as standard. Undiluted 
RctB gave a OD772 at 0,195, which corresponds to a protein concentration at 488 µg/ml (A second 
measurement for 10% dilution of RctB resulted in a RctB concentration at 256µg/ml). 
 
Protein concentration was measured by two different methods: Bradford analysis and the 
Lowry method: 1. Bradford results (24.05.07)20: 96.4 µg/ml measured in a 50% dilution, and 
131 µg/ml measured in a 10% dilution. 2. Lowry results (24.05.07): 488 µg/ml (undiluted) 
and 256 µg/ml (10% dilution). These results are quite different, but the group has decided 
trust the Bradford results at most, because it is less sensitive to disturbance by chemical 
substances, etc. Another fact that must be taken into consideration is that the RctB protein 
was not complexly pure (figure 4.4).Estimated protein concentration: 100 g/ml. 
 
 
Polymerase chain reaction (PCR) 
 
The PCR reactions were controlled by running the PCR products on a 1% agarose gel. The 
theoretical size of the DNA fragments from the left side of the oriCIIVC region (Ig2) are 
between 563 bp and 131 bp, and the theoretical size range of the right side fragments is 
between 205 bp and 94 bp (see figure 3.1 and tables with primer sequences). The gel pictures 
below fits these theoretical expectations very well. 
 
 
                                                 
20
 Bradford result (30.03.07): 42 g/ml. 
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Figure 4.6. PCR products on 1% agarose gel (14.05.07): Marker (M), Control Inc. region (CI) , Inc. region 
A (IA), IB, I2, I3, I4, I5, I6, M, Control origin region (CO), origin region 1 (O1), O2, O3, O4, O5, and O6. 
Notice the smear in wells for fragment CI and CO. Amounts loaded: 2.5 µl samples + 2.5 µl buffer, and M: 
3 µl. The marker used was a Gene RulerTM 100bp DNA Ladder from Fermentas (#SM0241) with the 
following bands: 1000, 900, 800, 700, 600, 500, 400, 300, 200, and 100 bp. 
 
The control fragments from LacZ made a little exception because they made a smear on the 
gel, indicating unwanted fragments in addition to the desired band. The reason for these extra 
fragments may be binding of the primers to similar sequences in the lacZ gene. The problem 
was overcome by gel purification of the desired control fragments.  
 
 
 
Figure 4.7. Purified PCR products in 1% agarose gel (22.05.07) ): Marker (M), Control Inc. region (CI) , 
Inc, region A (IA), IB, I2, I3, I4, I5, I6, M, Control origin region (CO), origin region 1 (O1), O2, O3, O4, 
O5, and O6. Notice the smear in wells for fragment CI and CO has gone. Amounts loaded: 2.5 µl samples 
+ 2.5 µl buffer, and M: 3 µl. The marker used was a Gene RulerTM 100bp DNA Ladder from Fermentas 
(#SM0241) with the following bands: 1000, 900, 800, 700, 600, 500, 400, 300, 200, and 100 bp. 
 (Notice this picture was taken before the control fragments were upconcentrated.) 
 
A very rough estimate on DNA concentration, would be that the I-fragments with some 
variation have approximately the same concentration as the big 500 bp band in the marker: 
115 ng/l, and the O-fragments with some variation have a concentration approximately as 
the lower bands in the marker: 40 ng/ l. The control fragments (CI and CO) was 
upconcentrated to a concentration at approximately 115 ng/ l.   
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Electro Mobility Shift Assay (EMSA) 
 
The fluorescence from the purified PCR products was tested on 6% acrylamide gel (see gel 
pictures below).  
 
 
Figure 4.8. Fluorescence from the purified PCR was tested on 6% acrylamide gel. Fragments from the 
incompatibility region (I) to the left: CI, IA, IC, I2, I3, empty, I4, I5, and I6. CI gives a very weak band. 
To the right are seen fragments from the origin region (O): CO, O1, O2, O3, O4, O5, and O6. Amount of 
DNA in reaction mixture 2 µl. Gels were analysed by PhosphoImager (Storm 840) with high sensitivity 
and 800V. 
 
The band pattern corresponds to the former agarose gels with the same purified PCR products 
(figure 4.6 and 4.7). Similarity can also be seen in band intensity. I-fragments have stronger 
fluorescence than the O-fragments. In the controls CI has very weak fluorescence while CO is 
relatively strong. These intensities correspond to the amount of DNA measured on the agarose 
gels. To obtain a more visible CI band for the gel shift experiments the CI fragment was up 
concentrated by a factor 100% in purification. 
 
Gel shift experiments with the Inc. region 
 
The twelve different DNA fragments from the oriCIIVC region (Ig2), plus two controls, were 
tested one by one for RctB binding. Each experiment was done in three replicates21. But 
because of lack of time and resources (DNA and RctB protein), this series of experiments 
were not completed. What are presented below are therefore preliminary results. 
     
 
 
Figure 4.9. IA fragment on 6% acrylamide gel (Three replicates). In the first two replicated 3 µl DNA was 
used in the reaction mixture. 1.5 µl DNA was used in the third replicated. Numbers below the lanes 
indicate amount in µl of RctB protein. Gels were analysed by PhosphoImager (Storm 840) with high 
sensitivity and 800V. 
                                                 
21
 Experiments were done by inexperienced laboratory workers, 5 replicates have maybe been more appropriate, 
but 3 were chosen because of time limitations.    
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Addition of RctB protein to fragment IA resulted in no clear extra bands. Anyway a gel shift 
may have happened, because the bands with higher concentrations of RctB (8 and 12 l) 
maybe are a little weaker in intensity, and have a little less clear outline. 
 
 
 
Figure 4.10. I3 fragment on 6% acrylamide gel (Three replicates). In all three replicates 3 µl DNA was 
used in the reaction mixture.  Numbers below the lanes indicate amount in µl of RctB protein. Gels were 
analysed by PhosphoImager (Storm 840) with high sensitivity and 800V. 
 
Addition of RctB protein to fragment I3 gives similar results to IA. No extra bands, but 
maybe some retardation seen by weaker bands for higher concentrations of RctB. 
 
 
 
Figure 4.11. I4, I5 and I6 fragment on 6% acrylamide gel (No replicates). 3 µl DNA was used in all three 
reactions.  Numbers below the lanes indicate amount in µl of RctB protein. Gels were analysed by 
PhosphoImager (Storm 840) with high sensitivity and 800V. 
 
The smallest fragments from the Inc. region: I4, I5 and I6 gave similar results (see text 
above). 
 
Gel shift experiments with the origin region 
 
 
 
Figure 4.12. O1 fragment on 6% acrylamide gel (Three replicates). In all three replicates 3 µl DNA was 
used in the reaction mixture.  Numbers below the lanes indicate amount in µl of RctB protein. Gels were 
analysed by PhosphoImager (Storm 840) with high sensitivity and 800V. 
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Only one fragment (O1) was tested from the origin region. Again the same patterne can be 
seen. No new bands, but maybe weaker and less clear outline of bands corresponding to the 
higher RctB concentrations on 8 and 12 l.  
 
 
Gel shift experiments with the LacZ controls 
 
 
 
Figure 4.13. CI fragment (control) fragment on 6% acrylamide gel (Three replicates). In all three 
replicates 3 µl DNA was used in the reaction mixture.  Numbers below the lanes indicate amount in µl of 
RctB protein. Gels were analysed by PhosphoImager (Storm 840) with high sensitivity and 800V. 
 
 
 
Figure 4.14. CO fragment (Control) on 6% acrylamide gel (Three replicates). In replicate one and three 5 
µl DNA was used in the reaction mixture. In replicate two 3 µl DNA was used.  Numbers below the lanes 
indicate amount in µl of RctB protein. Gels were analysed by PhosphoImager (Storm 840) with high 
sensitivity and 800V. 
 
The gel shift with the two control fragments from the E. coli LacZ gene: 1. CI (control for I-
fragments) and 2. CO (control for the O-fragments) gave results similar to the fragments of 
interest from oriCIIVC. No extra bands, but maybe weaker and bands less clear in outline for 
higher concentrations of RctB. The interpretation must be that if any DNA binding of RctB 
takes place it must be an unspecific binding that also takes place for the control DNA from the 
LacZ gene.    
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5. Discussion 
 
RctB is a 75.19 kDA initiator protein of the secondary chromosome in Vibrio cholerae 
(Chr.IIVC). To summarize on its DNA binding properties, RctB binds to three different sub-
regions in the origin region of chromosome two of V. cholerae (oriCIIVC): 1. rctB promoter 
(Prctb), 2. left side of oriCIIVC (inc region), 3. right side of oriCIIVC (ori region) (see figure 
1.7). In addition RctB binds to the neighbour gene rctA. More details about the RctB binding 
sequences can be found in the following tables and figures: table 1.6 (Prctb), table 1.5 (inc 
and ori regions), and figure 1.8 (rctA). Also it is worth mentioning that the Dam methylation 
site: GATC can be found in all these sequences (see test below).    
 
Experiments with minichromosomes containing the fragments from the oriCIIVC region have 
given clues to RctB function. Fragments containing at least 3 inc boxes in the same direction 
has repressed the number of minichromosomes, indicating that the inc region represses 
replication of Chr.IIVC, most likely by long range interactions (Egan and Waldor 2003). 
Binding of RctB to the Prctb inhibit the rctB expression (autoregulation) (Pal et al 2005). The 
rctA gene has three expected binding sites for RctB and is expected to repress initiation by 
titrating RctB (Pal et al 2005). This leaved the B-boxes in the right side of the origin region to 
be the place that RctB is expected to initiate replication (Løbner-Olesen, private 
communication).   
 
The purpose of the experiments performed for this report have been to dissect the two parts of 
the origin region (oriCIIVC): incompability region (left side) and origin region (right side),  
removing one of the expected RctB binding sites at the time, and investigate what it means for 
RctB binding (see figure 1.7). The questions to be answered have been whether the left side or 
the right side has the greatest affinity to RctB, and how many inc-boxes (Inc region) or B-
boxes (ori region) are needed for RctB binding. 
 
The results from the gel shift experiments have been inconclusive. In no case it was possible 
to observe retarded bands representing RctB binding to the DNA fragments tested. In the 
highest RctB concentration tested 8 and 12 l RctB product (Approximately 800 and 1200 ng 
RctB/20 l) a tendency was seen in all DNA samples that the bands became a little more 
weak and less clear in outline. If this tendency reflects RctB binding it must be an unspecific 
binding due to high RctB concentrations, because the same tendency was observed in the lacZ 
controls. 
 
Many explanations can be given to why the gel shift experiments did not succeed. The main 
problem from the start has been that very high DNA concentrations were needed to detect the 
DNA bands on the fluorescence scanner (Storm 840). In preliminary investigations 3 l PCR 
product (Approximately: 345 ng/20 l or 50 nM) were needed to obtain good intensity bands 
and 1:10 dilution were just visible. This means that the detection by the fluorescence scanner 
demanded a DNA concentration twenty five times higher than the gel shift experiments 
performed by Venkova-Canova et al 2006. Reservations must be taken for the accuracy of 
these DNA concentrations, because they are very rough estimates based on band intensities 
compared to known DNA concentrations in the marker. 
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Questions can also be raised against the amount of RctB protein used. From Bradford analysis 
Lowry reaction, and control by SDS gel a rough estimate on the RctB concentration was 
given 100 ng/l. This estimate could have been much too high. A double band was seen 
corresponding to the size of RctB, but may be only proteins from one of these bands were 
biological active. The small bands also visible on the SDS gel, and other impurities could 
have accounted for a bigger fraction of the protein content, than originally accounted for. May 
be the concentration of biological active RctB has been 25% or less. It should be remembered 
that the RctB protein used in these experiments have been modified by a 6His-tag in the C-
end. This could affect the biological function and DNA binding in spite of the fact that 6His-
tagged RctB has been found to bind to DNA before (Egan and Waldor 2003).    
 
The methodological problem with detecting the fluorescent DNA could be overcome by using 
radioactive DNA as in the earlier gel shift experiments with RctB binding (Egan and Waldor 
2003 and Venkova-Canova et al 2006), or may be a stronger fluorescence marker could be 
used. Concerning the quality of the purified RctB protein purification could  be optimized by 
adding more imidazole to the washing buffer to lower the concentration of impurities. 
Another way to optimize the gel shift could be to add chaperone proteins to the binding 
reaction, e.g. DnaJ and DnaK. Adding chaperones should improve the DNA binding 
properties of RctB (Venkova-Canova et al 2006). Problems with non-specific binding in the 
higher concentrations of RctB could be overcome by adding more competing DNA (sonicated 
salmon sperm DNA). 
 
From the theory it is known that the expected binding sites for RctB (table 1.5, 1.6, and figure 
1.8) also contains the GATC Dam methylation site. Therefore it seems relevant to do gel shift 
experiments with DNA fragments in which these sites have been methylated. 
 
Many things are not known about how RctB binds to DNA. No 3D-models exist on RctB 
tertiary structure, and the interaction between RctB protein and DNA. Do RctB bind as a 
monomer, dimer (“Handcuffing”), oligomer, or polymer. Do RctB engage in some 
cooperative binding with other proteins?  This also means that we do not know whether RctB 
prefers to bind to single stranded DNA for some of the suspected RctB bindind sites. In 
comparison it is known that DnaA bind with low affinity to its 6-mers binding site with low 
affinity in its double stranded state, and with high affinity to the single stranded 6-mers 
(Messer 2000).  
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